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Description

Field of the invention

[0001] The presentinvention relates to the processing
of bitstreams encoded according to the MPEG standard.
[0002] The MPEG (Moving Pictures Experts Group)
standard proposes a set of algorithms dedicated to the
compression of sequences of digital (audio/video) sig-
nals. The techniques used are based on the reduction
in spatial and temporal redundancy of the sequence.
[0003] According to the MPEG standard, reduction in
spatial redundancy is obtained by independently com-
pressing the individual images, using a discrete cosine
transform (DCT), quantization and Huffman coding.
[0004] Reduction in temporal redundancy is obtained
by exploiting the correlation that exists between succes-
sive and/or temporally close images in the sequence.
Approximately, it is assumed that each portion of an im-
age could be expressed locally as the translation of a
portion of a previous and/or subsequent image in the
sequence.

[0005] The foregoing corresponds to criteria that are
well known to the prior art and hence are such as not to
require further illustration herein.

Description of prior art

[0006] In the actual use of the MPEG standard it is
possible to transmit (or record) films, or in general video
sequences, on a variety of channels and media, each
of which has its own characteristics of capacity, speed
and cost.

[0007] The transmission of a film (or of a video pro-
gram in general) starting from the master recording may
be done, for instance, on DVD media, via satellite, radio
antenna, cable, and — to an ever-increasing extent —
via telematic networks, such as Internet, and/or to mo-
bile terminals, such as UMTS mobile terminals.

[0008] In order to make available a wide range of the
aforementioned transmission modalities and to expand
it even further, it is necessary to be able to adapt the
characteristics of the MPEG bitstream to the transmis-
sion/storage channel, as well as to the characteristics
of the display units employed to display the correspond-
ing images.

[0009] The foregoing entails, among other things, the
need to convert the format of an MPEG video bitstream
in such a way that the resulting sequence is reduced,
for example, to one quarter of the original format.
[0010] In order to obtain the above result, it is possi-
ble, for example, to apply the "canonical" solution rep-
resented in Figure 1.

[0011] In the case of Figure 1, an input MPEG video
bitstream, designated by IS, is entered into a decoder
100, which is able to read and decode the bitstream IS
with a format corresponding to a number of pixels Hor
x Vert per image.
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[0012] The signalthus decoded is fed to a set of down-
sampling filters 120 which are able to downsample the
image starting from the original format Hor x Vert to a
reduced format (Hor/N) x (Vert/M).

[0013] The signal thus subjected to conversion of for-
mat is entered into an encoder 140, which is able to gen-
erate a syntax in compliance with the MPEG standard,
in view of its being sent on to a transmission/storage
channel C and received in a decoder 160.

[0014] The decoder 160 is able to read and decode
an MPEG bitstream with a number of pixels (Hor/N) x
(Vert/M) per image, hence one with a reduced format,
generating at output a corresponding video sequence
OsS.

[0015] The above technique in effect entails a conver-
sion of the original MPEG bitstream (irrespective of
whether this is in compliance with the MPEG2 specifi-
cation or with the MPEG4 specification) into decoded
images that are a sequence of frames. The change of
resolution is based upon a filtering action — this being
preferably a finite-impulse-response (FIR) filtering —
which is able to bring about a conversion based upon
the availability of a certain number of pixels for each
component of luminance and chrominance of the image.
The pixels in question are multiplied by appropriate
weights, and the results are accumulated and divided
by the sum of said weights.

[0016] Certain pixels are not transmitted in the result-
ing image, depending upon the factor of change of res-
olution chosen. For this reason, starting from a bitstream
decoded with an arbitrary bitrate B1 it is always possible
to obtain a bitstream of bitrate B2 by simply connecting
the output of the decoder to the input of the change-of-
resolution block. The output of the latter is then connect-
ed to the input of the decoder, which can be pro-
grammed in such a way as to encode the signal at bitrate
B2 and then transmit it to the decoder.

[0017] The above solution, which may be defined as
an explicit transcoding, presents the fundamental draw-
back due to the computational complexity linked to its
implementation, a computation complexity which
renders the solution in question far from attractive in
general and in any case unacceptable in those applica-
tional contexts in which a sufficient processing capacity
is not available.

[0018] A solution that is alternative to the canonical
approach examined previously is described in the Eu-
ropean patent applications Nos. 01830084.8 and
01830227.3, both in the name of the present applicant.
[0019] The above alternative solution is based upon
a "transcoding" process which makes it possible to con-
vert the format, i.e., change the resolution, by operating
in the domain of the discrete cosine transform (DCT) of
the prediction error. In this way, it is possible to reduce
considerably the computational complexity of the oper-
ation of format conversion, thus reducing accordingly
the implementational complexity.

[0020] In order to achieve a correct anti-aliasing filter-
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ing function, it is in any case necessary to resort to lin-
ear-filtering techniques, which require, as is known from
the theory of digital filtering, the availability of a certain
number of coefficients surrounding the ones that are be-
ing processed, the aim being to eliminate, or at least
reduce as far as possible, edge effects.

Object and summary of the present invention

[0021] The purpose of the present invention is to pro-
vide a solution for conversion of format implemented op-
erating in the DCT domain that is able to overcome the
intrinsic constraint of the known solutions referred to
previously.

[0022] According to the present invention, the above
purpose is achieved thanks to a process having the
characteristics specified to in the annexed claims.
[0023] Theinvention also relates to the corresponding
system, as well as to the corresponding computer pro-
gram product which can be loaded directly into the mem-
ory of a digital computer and which comprises portions
of software code which are adapted to perform the proc-
ess according to the invention when the computer pro-
gram product is run on a digital computer.

[0024] The solution according to the invention makes
it possible to obtain, in the discrete cosine transform
(DCT) domain, block downsampling of an MPEG video
bitstream in such a way that the resulting sequence is
reduced, for example, to one quarter of the original for-
mat.

[0025] The solution according to the invention is char-
acterized by its ease of implementation and by the cor-
responding reduction in computational complexity and
in the resulting expenditure of storage space, without
this being in any way prejudicial to the quality of the final
result.

[0026] The solution according to the invention is
therefore proposed as an alternative solution both with
respect to frequency conversion performed in the pixel
domain by means of FIR pre-filtering and decimation,
and with respect to the implementation by means of fil-
tering in the DCT domain.

[0027] In order to achieve the above purpose, obtain-
ing results that are superior or at least equivalent to
those of the solutions according to the prior art, the so-
lution according to the invention adopts a non-linear
technique for anti-aliasing filtering.

Detailed description of the annexed drawings

[0028] The invention will now be described, purely by
way of non-limiting example, with reference to the an-
nexed drawings, in which:

- Figure 1, which regards the prior art, has already
been described previously;

- Figures 2 and 3 are schematic illustrations of the
organization of the macroblocks and of the corre-
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sponding blocks in the framework of the MPEG
standard, as well as of the definition of correspond-
ing microblocks according to the invention;

- Figure 4 illustrates the basic principle of the selec-
tion operation performed in the solution according
to the invention;

- Figure 5is afunctional block diagram illustrating the
processing operations performed in the framework
of a system according to the invention;

- Figure 6 illustrates a few examples of masking
structures that may be used in the context of the
present invention; and

- Figure 7 is essentially a diagram that synthesizes
the principles underlying the invention.

Detailed description of an exemplary embodiment of the
invention

[0029] As has already been said previously, the con-
version of format of a video signal usually involves anti-
aliasing low-pass filtering and subsequent decimation
of the filtered pixels.

[0030] Operating in the DCT domain, which is typical
of the MPEG standard, the blocks of pixels (usually of
size 8x8) are broken down into the equivalent spatial
sequences in order to reduce the number of represent-
ative coefficients (which may vary according to the bi-
trate).

[0031] In this way the visibility of the individual pixels
is lost, and consequently the low-pass filtering and dec-
imation are carried out on the individual frequencies.
[0032] The variance of the DCT coefficients, and
hence their variability, decreases very rapidly with the
frequencies. In order to reconstruct an image, it is suf-
ficient to preserve only a relatively small set of terms
concentrated around the d.c. coefficient (DC). In addi-
tion, it is known that the human eye is less sensitive to
high frequencies than to low frequencies, and this im-
plies that minor errors resulting from the elimination of
the high frequencies end up not having any particular
importance of a subjective nature.

[0033] Inthe MPEG standard, the 8x8 DCT blocks are
grouped together in sets of four in such a way as to give
rise to 16x16 macroblocks. Figure 2 illustrates a mac-
roblock MB which groups together four blocks B1, B2,
B3 and B4.

[0034] Reducing to one quarter the format of a video
bitstream means reducing to one quarter each macrob-
lock, i.e., passing from macroblocks to blocks.

[0035] In the final bitstream, the blocks obtained from
downsampling are re-organized into 16x16 macrob-
locks. The overall number of macroblocks is hence re-
duced to one quarter between the input bitstream and
the output bitstream.

[0036] The solution according to the invention envis-
ages, in its currently preferred embodiment, performing
the anti-aliasing filtering by exploiting a non-linear ap-
proach that chooses the frequencies of the source im-
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age that are to be preserved, eliminating the other fre-
quencies. Eliminating a DCT coefficient means remov-
ing the energy corresponding to a given spatial sequen-
tial component (vertical, horizontal, vertical plus hori-
zontal).

[0037] The low-pass filtering and decimation opera-
tions performed are thus organized into two steps.
[0038] The first step basically consists in identifying
and preserving the frequencies that are deemed to be
significant, eliminating the remaining frequencies. The
said selection is carried out within each block B1, B2,
B3 and B4 by means of a DCT-coefficient visibility mask
applied to a 4x4 "microblock" and setting to zero the co-
efficients of the other three microblocks.

[0039] Figure 3 represents a generic block Bi, and the
microblock selected, which is designated by mBi, is the
one illustrated on the top left. The coefficients of the oth-
er three microblocks which occupy the positions on the
bottom left, top right and bottom right are, instead, set
to zero.

[0040] The second step basically consists of a deci-
mation obtained by performing, on the microblock mB
previously isolated, the inverse discrete cosine trans-
form (IDCT), which is thus calculated on sixteen coeffi-
cients (4x4), and by performing division by an appropri-
ate distortion factor. The IDCT applied to the 4x4 micro-
block makes it possible to shape further the dark-band
spectrum wherever a higher degree of attenuation is en-
countered. The IDCT is repeated on the microblocks of
the four blocks that are to be merged. The four microb-
locks resulting from the IDCT are gathered together in
an 8x8 block to which the DCT is applied.

[0041] The above operating sequence is schematical-
ly illustrated in the functional flowchart represented in
Figure 4.

[0042] In Figure 4, MB designates the individual mac-
roblock (this will generally be the i-th block in a video
sequence) which is to be divided, in a step designated
by 10, into four 8x8 blocks designated by B1 B2, B3 and
B4.

[0043] In a step designated by 12, from each of the
blocks B1, B2, B3, B4 a corresponding microblock mB1,
mB2, mB3, mB4 is derived. This is done by selecting
the 4x4 microblock on the top left — hence the one lo-
cated in a position close to the d.c. component — ac-
cording to the modalities described previously, namely
setting to zero the coefficients of the other microblocks.
[0044] The steps designated by 14 and 16 respective-
ly correspond to a possible masking action performed
on each microblock mB1, mB2, mB3, mB4 (this may be
done by means of masks, such as the masks M1, M2 or
M3 which are illustrated in Figure 6 and which will be
described in greater detail hereinafter) and to execution
of the IDCT on the microblocks mB1, mB2, mB3, mB4,
after possible prior masking.

[0045] The reference number 18 designates the
merging of the microblocks thus obtained into a single
8x8 block which, in the step designated by 20, is to un-
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dergo the DCT operation with a view to obtaining the
final decimated block, designated by MBD.

[0046] The diagram of Figure 5 shows how the afore-
said operations may be implemented by means of ap-
propriate matrix sums and multiplications, remaining in
the DCT domain.

[0047] The solution according to the invention is
therefore suited to being implemented — according to
criteria that are within the reach of a person skilled in
the branch on the basis of the detailed description of the
invention provided herein — whether by using a spe-
cialized processor or by using a general-purpose digital
computer (such as a digital signal processor — DSP)
on which the computer program product according to
the invention is run.

[0048] In particular, Figure 5 considers a single mac-
roblock MB of the four that are usually to be reduced
simultaneously. Each 8x8 DCT block B1, B2, B3 and B4
deriving from the macroblock MB is processed in such
away as to preserve only the coefficients corresponding
to the microblock mB1, mB2, mB3, mB4 in the top left-
hand corner.

[0049] The microblock mB1, mB2, mB3, mB4 is then
multiplied by appropriate matrices, on the right and on
the left, according to the position of the block. All the
matrices considered are of size 8x8 (hence of a rank
higher than, namely twice, that of the microblocks to
which they are applied) and, in the diagram of Figure 5,
they are respectively designated by Stl, D_tl, S_tr, D_tr,
S_bl, D_bl, S_br, D_br, where S stands for Sinister (left),
D stands for Dexter (right), t stands for top, b stands for
bottom, 1 stands for left, and r stands for right.

[0050] Four blocks are thus obtained, designated by
B1t, B2t, B3t, B4t (temporary i-th blocks), the sum of
which, designated by B1f, corresponds to the merging
block of step 18 of Figure 4 which has already under-
gone DCT (step 20 of Figure 4). In this way it is possible
to calculate the IDCT applying the calculation to the 4x4
microblocks (instead of the 8x8 blocks as would normal-
ly be the case), then performing the merging and the
DCT of the resulting 8x8 block.

[0051] Figure 6, which is divided into three parts des-
ignated by a), b) and c), represents three masking struc-
tures (with reference of course to a 4x4 microblock)
which, once applied to the microblocks on the top left
mB1, mB2, mB3, mB4 isolated from the blocks B1 B2,
B3, B4, have yielded particularly satisfactory results
from the qualitative standpoint. And this, even though
the aforesaid masking action entails, in itself, setting to
zero the other coefficients of the microblock, namely the
coefficients corresponding to the positions appearing in
white in the various masks M1, M2 and M3. It will, how-
ever, be appreciated that the masks illustrated in Figure
6 are in any case such as to preserve the components
that are closest to the d.c. coefficient (DC).

[0052] Of course, the solution described is not limited,
as regards its possible applications, to the case alone
of microblocks of size corresponding to 4x4 pixels
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(hence for a reduction to one quarter of the original spa-
tial resolution), but may be generalized to arbitrary sizes
of said microblocks.

[0053] In particular, with reference to the schematic
representation of Figure 7, it is possible to extract, from
each block under examination belonging to a given mac-
roblock (whatever the sizes of said macroblocks and
said blocks), a microblock of arbitrary size MxN, provid-
ed that this size is smaller than that of the complete
block. To each microblock it is then possible to apply the
inverse discrete cosine transform IDCT),,y, finally pro-
ceeding to a reconstruction operation, generically des-
ignated by R, where a block of the same size as the orig-
inal one is reconstructed.

[0054] Of course, without prejudice to the principle of
the invention, the details of implementation and the em-
bodiments may vary widely with respect to what is de-
scribed and illustrated herein, without thereby departing
from the scope of the presentinvention as defined in the
annexed claims.

Claims

1. A process for converting the format of MPEG video
bitstreams, characterized in that it comprises the
operations of:

- identifying DCT macroblocks (MB) comprised
in said bitstreams, each macroblock compris-
ing a plurality of blocks (B1, B2, B3, B4);

- dividing (10) each of said macroblocks (MB) in-
to respective blocks (B1, B2, B3, B4), each
block in turn comprising a plurality of microb-
locks;

- identifying and preserving, in each DCT block
(B1, B2, B3, B4) comprised in a macroblock
(MB), the significant frequencies, isolating (12)
a corresponding microblock (mB1, mB2, mB3,
mB4) of said block (B1, B2, B3, B4);

- performing (16) an inverse discrete cosine
transform (16) on the isolated microblock (mB1,
mB2, mB3, mB4);

- gathering (18) said microblock, which has been
isolated and subjected to an inverse discrete
cosine transform, together with the homolo-
gous microblocks obtained from the other DCT
blocks comprised in a respective macroblock
(MB), so as to obtain a merging block; and

- applying to said merging block the discrete co-
sine transform (20) so as to obtain a final block
that can be assembled into a macroblock
(MBD) with converted format.

2. The process according to Claim 1, characterized
in that it comprises the operation of identifying said
DCT macroblocks (MB) as 16x16 macroblocks.
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3. The process according to Claim 1 or Claim 2, char-
acterized in that it comprises the operation of di-
viding said macroblocks (MB) into 8x8 DCT blocks
(B1, B2, B3, B4).

4. The process according to any one of the preceding
claims, characterized in that it comprises the op-
eration of selecting said corresponding microblock
(mB1, mB2, mB3, mB4) as a 4x4 microblock.

5. The process according to any one of the preceding
claims, characterized in that said corresponding
microblock (mB1, mB2, mB3, mB4) is chosen in the
area around the d.c. component of the respective
block (B1 B2, B3, B4).

6. The process according to any one of the preceding
claims, characterized in that said corresponding
microblock (mB1, mB2, mB3, mB4) is identified as
the microblock on the top left-hand side of the re-
spective block (B1, B2, B3, B4).

7. The process according to any one of the preceding
claims, characterized in that said operations of
performing, on the isolated microblock (mB1, mB2,
mB3, mB4), an inverse cosine discrete transform
(16), gathering (18) said microblock, which has
been isolated and subjected to an inverse discrete
cosine transform, with the homologous microblocks
obtained from the other DCT blocks comprised in a
respective macroblock (MB), and applying to said
merging block the discrete cosine transform (20)
are carried out multiplying said isolated microblock
and said homologous microblocks (mB1, mB2,
mB3, mB4) by respective multiplication matrices
(S_tl, D_tl, S_tr, D_tr, S_bl, D_bl, S_br, D_br) so as
to obtain respective temporary blocks (B1t, B2t,
B3t, B4t) and adding together said respective tem-
porary blocks (B1t, B2t, B3t, B4t), the sum of said
temporary blocks identifying said final block that
can be assembled into a macroblock (MBD) with
converted format.

8. The process according to Claim 8, characterized
in that said multiplication matrices (S_tl, D_tl, S_tr,
D_tr, S_bl, D_bl, S_br, D_br) are of a rank higher
than, and preferably twice, that of said isolated mi-
croblock and said homologous microblocks (mB1,
mB2, mB3, mB4).

9. The process according to any one of the preceding
claims, characterized in that it comprises the op-
eration of subjecting said corresponding microblock
(mB1, mB2, mB3, mB4) to masking, using a mask
(M1, M2, M3) that acts on a subset of the microblock
(mB1, mB2, mB3, mB4) itself.

10. The process according to any one of the preceding
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claims, characterized in that said operation of iso-
lating said corresponding microblock (mB1, mB2,
mB3, mB4) involves setting to zero the coefficients
associated to the microblocks of said block (B1, B2,
B3, B4) other than said corresponding microblock
(mB1, mB2, mB3, mB4).

The process according to any one of the preceding
claims, characterized in that said inverse discrete
cosine transform (IDCT) is calculated on sixteen co-
efficients.

The process according to any one of the preceding
claims, characterized in that it comprises the op-
eration of applying a distortion factor to the result of
said inverse discrete cosine transform (IDCT).

A system for converting the format of an MPEG vid-
eo bitstream, in the form of a dedicated computer
circuit operating according to the process as per
any one of Claims 1 to 12.

A computer program product directly loadable into
the memory of a digital computer and comprising
software code portions for performing the opera-
tions according to any one of Claims 1 to 12 when
said product is run on a computer.
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